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2I INTRODUCTION.
General -  In response to the constant demand o f the engineering 
profession for increased efficiency  in power production, many methods have 
been proposed which, when put into practice, do not show the fu ll saving that 
the theory indicates as possible.
One of the methods commonly used in the boiler room is the heating 
o f the feed water before its  admission to the b o ile r . For this purpose heat 
is  usually u tilized  which would otherwise be wasted, namely, that obtained 
from the exhaust steam or from escaping flue gas.
The heating of the feed water should accomplish three things which 
w ill result in greater economy in the making of steam. First, i t  should 
purify the feed water so that i t  w ill not be necessary to clean the boilers 
so often. Second, i t  should lessen the strains on the parts of the boiler 
due to unequal expansion and contraction which are caused by extreme differences 
in the temperature o f the cold feed water and the steaming temperature. This 
fact makes i t  possible to keep jo in ts steam tight and prolongs the l i f e  o f 
the b o ile r . Third, i t  should increase the efficiency o f the plant due to the 
u tilisa tion  o f a portion o f the heat generated which might otherwise be wasted, 
thus making possible a greater evaporation per lb . of coal. I t  is  commonly 
estimated that an increase in feed water temperature o f 10 degrees w ill give 
an increased efficiency o f 1 per cent.
Definition -  The term "economizer” is  used in the following 
discussion to mean a device to u t iliz e  the waste heat of the escaping flue 
gases for the heating o f feed water.
Object - I t  is  the object o f this thesis to determine to what 
extent the economy of a small plant may be improved by the use of an economizer 
and to estimate the saving, i f  any, which the owner of a small steam plant 
may expect from the installation and use o f such a device.
To assist in making this determination a series o f four tests were 
run upon the 210 H.P. boiler located in the Mechanical Engineering Laboratory 
of the University o f I l l in o is . During two o f the tests the boiler was operated 
in connection with an economizer and during the other two tests of the series, 
the flue gases passed d irectly  from the boiler to the stack, the economizer 
not being in operation.
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5II THE TESTING PLANT.
Equipment -  The testing plant is  located in the Mechanical 
Engineering Laboratory o f the University o f I llin o is  and consists o f a 210 
H.P« Heine water-tube boiler , a Green traveling link grate and furnace, a 
Sturtevant induced draft apparatus and economizer, and the usual auxiliary 
apparatus necessary for conducting tests of this character. A general lay-out 
of the testing plant is  shown in Fig. 1, page 4.
Boiler -  The Heine water-tube boiler installed in the plant is
rated at 210 H.P. and designed for a working pressure o f 160 lb . The boiler 
is  equipped with a Green traveling link grate and furnace, and a Harrington 
automatic water-back. This water-back consists o f two connected iron cylinders 
extending across the width o f the grate and supported by the furnace setting. 
The lower cylinder rides upon the ash and is  free to swing about the upper
cylinder. The principal dimensions o f the boiler are as follows:
Rated Horse Power...................................................
Kind of Furnace........................................................
Number o f Steam Drums...........................................
Length of Steam Drums.............................................
Width o f Grate..........................................................
Length o f Grate........................................................
Grate Surface......................... .................................
Area o f Chimney........................................................
Height of Chimney above Grate.............................
Kind o f Draft............................................................
Number of Tubes........................................................
Length o f Tubes..................................................... .
Diameter of Tubes,outside....................................
Diameter of Tubes,inside.......................................
Water Heating Surface in Tubes...........................
Water Heating Surface in Shell, Legs, e t c . . . .
Total Water Heating Surface.................................
Ratio o f Heating Surface to Grate Surface. . . .
Total Water Space...................................................
Total Steam Space................................. ..................
210.
Green Chain Grate
1 .
feet 21.583
inches 54.
inches 102.
SC[. f t . 38.25
sq. f t . 8.7
feet 45.5
Induced
116.
feet 17.875
inches 3.5
inches 3.26
sq. f t . 1900.
SC[. f t . 127.4
sq^ . f t . 2027.4
53.1 to
cu. f t . 273.
cu. f t . 85.
Economizer and Draft System -  The economizer was bu ilt by the 
B. F. Sturtevant Company and is  one o f their standard designs. I t  consists
of 80 pipes arranged in 20 sections o f 4 pipes each. The pipes are 9 feet in
6length, 4 9/16 inches outside diameter, and 3/8 inches thick. The total 
water heating surface is  1001 sq. f t . ,  making a heating surface o f 50.05 sq. 
f t .  for each tube. The capacity is  5040 lb . of water. The pipes are staggered 
so that the escaping gases from the boiler w ill not have a direct passage to 
the stack. The economizer proper is  12 f t .  1 in . in length, 15 f t .  4 in . in 
height and 5 f t .  7 in . in width. The economizer is  so arranged that the 
escaping gases can be by-passed to the stack without going through the 
economizer. Sectional views o f the economizer and induced draft Systran are 
shown in Fig. 2, page 7.
Feed Pump -  Water can be fed to the boiler either by means o f 
in jectors or by a feed pump. There are three in jectors, a 1 inch, a 1 1/4 inch, 
and a 1 1/2 inch. The feed pump is  an ordinary simplex boiler  feed pump.
The feed water piping is  so arranged that the economizer can be cut out or in 
as desired.
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8III METHODS OF CONDUCTING TESTS.
Number o f Tests -  The tests were run on consecutive days with 
the economizer in use on alternate days. Four tria ls  in a l l ,  were run, each 
ten hours in length.
General Conditions -  The boiler was fired  up a day before the 
tests were started in order to heat i t  and the setting thoroughly, and have 
i t  in normal working condition. The fire  was banked at night after each tr ia l 
and was unbanked in the morning about three hours before any data was recorded. 
The alternate method o f starting and stopping the tria ls  as described in the 
A. S. M. E. Code was used, i t  being the best adapted to the plant.
The steam generated was delivered to the mains supplying the heat 
and power to the University buildings. An e ffo rt was made to keep the operating 
conditions o f Trials No. 1 and No. 2 the same, except that the economizer was 
placed in service in Trial No. 2. An attempt was made to develop the same 
percentage of the b o ile r 's  rated horse power for both tria ls  by noting the 
water fed per hour and regulating the f i r e .  The draft over the f ire  was main­
tained the same during both t r ia ls . The same is true for Trials No. 3 and No.
4. On the whole a fa ir ly  constant load was carried throughout the day.
Special Conditions -  The economizer was placed in operation by 
dropping the damper which closes the entrance to the by-pass beneath, and 
allowed the flue gases to pass through the economizer. In both the in let and 
outlet, the temperature o f the flue gas was obtained by thermometers placed 
at different points in its  path. Their approximate location is  indicated by 
the letters A and E in F ig.2 , page 7. The draft at the in let and outlet
was obtained by means o f U-tubes containing colored water and connected by 
rubber tubing to a piece o f 1/4 inch gas pipe inserted in the breeching. The 
points of insertion are indicated by the letters C in F ig .2 , page7.
The flue gas was taken from the breeching and the combustion chamber
9and analyzed by the use o f an Orsat apparatus.
The steam used by the engine operating the induced draft fan and the 
economizer scrapers was condensed by a surface condenser and weighed. No 
vacuum was used, the back pressure remaining practically  atmospheric. The 
difference in steam consumption between Trials No. 1 and No. 2 was charged to 
the operation o f the economizer in Trial No. 2. The same plan was used in 
running Trials No. 3 and No. 4, the difference being charged to Trial No. 4.
Fuel -  The fuel used in these tests was bituminous coal mined 
near Danville, Vermillion County, I l l in o is . This coal was 1 1/4 inch 
screenings. A ll coal was taken from one car and the analysis showed 
that i t  was of fa ir ly  uniform quality and heating value throughout 
the test. The coal was weighed in 500 lb . lots in a steel box 
located on a platform scale and from there shovelled into the hopper o f 
the stoker as needed, the time o f emptying the box being noted. The coal 
sample was secured by taking a half shovel fu ll  for every 500 lb . lo t  and 
storing i t  in a covered sheet metal can. At the end of each tr ia l, the total 
amount of coal thus secured was crushed and quartered until su fficien t remained 
to f i l l  a quart jar in which i t  was sealed and the jar labeled. Proximate 
analyses o f each o f these samples were made by the Chemistry 
Department o f the University o f I l l in o is . An ultimate analysis o f a composite 
sample taken from the four samples submitted was also made by the same depart­
ment. These analyses are given in Table 1.
The ash and refuse was removed from the ash-pit about six times dur­
ing each tr ia l . The contents of each car were weighed and a shovel fu ll  
placed in a dry, covered can. At the end o f each tr ia l, the contents of the 
can were crushed and quartered until su fficien t remained to f i l l  a quart 
glass ja r  in which i t  was sealed and the ja r  labeled. The sample o f each
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day’ s tr ia l was analyzed by the Chemistry Department o f the University o f 
I l l in o is . These analyses are given in Table I .
Water and Steam -  The feed water was weighed in a tank having 
a capacity o f 800 lb . This water was then emptied into a supply tank having 
a capacity o f 5000 lb . from which i t  was delivered to the boiler by the feed 
pump as needed. A Bristol recording water-level gage was attached to the 
supply tank and served as a check on the number o f tanks counted. The time 
and temperature o f the water were recorded when the weighing tank was emptied. 
The water passing through the water-back was measured by a Breslau water-meter 
which recorded by li te r s . Differences in water level in the boiler at the 
beginning and end o f each tr ia l were noted so that the proper correction might 
be made. The quality o f the steam was observed by means of a throttling 
calorimeter.
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IV METHODS OP CALCULATION.
The following explanation relative to data and results refers to
Table I .
Readings o f the various instruments were taken every fifteen  minutes 
and their average, unless otherwise stated, was used in calculating the 
results. Where sample calculations are used to illustra te  the method of 
calculation, the results o f test for March 29 are used.
The following Items are observed: Nos. 1 to 9 inclusive, 11, 12, 15,
10, 20 to 22 inclusive, 25 to 27 inclusive,and 61.
Item 10 is  an average reading.
Items 17, 18 and 19 were found from Marks and Davis Steam Tables.
Item 29 was found from the analysis o f  the coal.
Item 30 = Item 28 x (1 -  moisture in the coal as fire d ).
_ ™ _ ta_ „„  . . , Item 36 -I- Item 37. __ Item 46Item 32 = Item 28 x (1 -  ---------- ----------------- ) -  Item 31 x
100
Example: 11212 x (1 -  lg J -  1957 x = 7405.
Item 49 = Item 30 -r- Item 3.
Item 50 -  Item 32 ~  Item 3.
Item 51 ~ Item 49 -7- 38*25* Where 38*25 = s<^ . f t .  o f grate surface.
Item 52 = Item 50 -f- 2027, Where 2027 = sq. f t .  o f heating surface in b o ile r .
Item 53 was found from analysis.
Item 54 = Item 53^- (1 -  — )
2.36Example: 11221 -f- (1 -  ) = 11485 B .t.u .
Item 55 = Item 53 -f- ( Item 34 + Item 35 
“  100 )
Example: 11221-h  = 14236 B .t.u .
Item 57 ~ 1 ~ Item 56.
_, . _, .Item 26 -  Item 25Item 60 = Item 59 x (--------- g- -------- J. Where H = B .t.u . per lb . o f steam at
average pressure, q = B .t.u . in feed water.
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I&ample: 43971 x ( g a f f  I .  1334 lb .
Item 62 = Item 61 x Cg _ ^) • Where L -  latent heat of vaporization at
average steam pressure.
Q f iC
Example: 203 x J o e ile i * 164 *8 l b *
Itan 63 = ^  ~ x amount o f water in b o ile r . Where ^  = heat o f liquid at 
in it ia l pressure* = heat o f liquid at fina l pressure.
334 o  ^ 331
Example: — ' 1064.84  x 15730 = 50*2 lb .
Item 64 = Items (58 + 60 + 62 f 83J .
_ nr- -  -.r , Item 57 Qi- q .Item 65 -  X + ( iqq-  K g _ • Where q  ^= heat o f liquid at steam
temperature, q = heat o f liquid at the temperature o f feed water
entering bo ile r .
Example:
Item 66 = Item 65 x
67 * 9 7 § i  ’
Example:
1U*  68 = 9 7 ^
Example:
Item 69 = Item 66 x 
Item 70 = Item 58 x 
Item 71 = Item 69 +■
Item 72 = Item 70 f  
Item 73 — Item 66 ~
Item 74 = Item 69 f  
Item 75 = I ten 70 -f 
Item 76 = Item 71 f
Item 77 = Item 74 - 2027. Where 2027 = sq. f t .  of water heating surface
0.984 + x -3£8 ~ 128-06) -  o OROv.JtM + i,100 x 1064.84 '  “
Item 64.
1192.9 -  128.06 
970.4 = 1.097
128.06 -  32.87 
970.4
Item 67.
Item 68.
Item 70.
Item 69.
Item 3.
Item 3.
Item 3.
Item 3.
0.0981
in  boiler
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Item 78 = Item 75 £ 1001. Where 1001 -  sq. f t .  o f water heating surface 
in economiser.
Item 79 = Item 76 £ 2027.
Item 80 -  Item 74 £ 34.5. Where 34.5 lb . o f water evaporated per hour into
dry steam from and at 212 degrees equals one horse power.
Item 81 = Item 75 £ 34.5.
Item 82 = Item 80 + Item 81.
Item 83 is  obtained from builder's rating.
Item 84 = Item 80 £ Item 83.
Item 85 -  Item 81 £ Item 83.
Item 86 = Item 66 £ Item 28.
Item 87 = Item 69 £ Item 28.
Item 88 = Item 70 £ Item 28.
Item 89 = Item 87 + Item 88.
Item 90 = Item 69 £ Item 30.
Item 91 = Item 70 £ Item 30.
Item 92 = Item 90 + Item 91.
Item 93 = Item 69 £ Item 32.
Item 94 = Item 70 £ Item 32.
Item 95 = Item 93 £ Item 94.
Item 96 = (Item 93 x 970 .4 ) £  Item 55.
Item 97 = ( Item 95 x 970.4) £ Item 55.
Item 98 = (Item 90 x 970.4) £ Item 54.
Item 99 = (Item 92 x 970.4) £ Item 54.
Item 100 is  arbitrarily  taken as one dollar. 
t*„. _ Item 28 1000 .
Itm 101 - -sooo~ * itS T S
Item 102 = SS X — .
2000 Item 71
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Item 103 and Item 104 are found by analysis.
Itan 106 was found by difference.
The following items relate only to economizer performance. 
Items 1 to 5 inclusive are taken from the boiler performance.
Items 6 and 7 were observed.
Item 8 = Item 58 4 Item 3 o f boiler performance.
Item 9 -  Item 4 -  Item 3.
Item 10 = Item 8 x Item 9.
Itan 11 = Item 10 4 1001. Where 1001 = sq. f t .  o f water heating surface
in economiser.
Item 15 was obtained by difference.
Item 16 was obtained from the analysis as given by Items 1£ to 14 inclusive.
The sp ecific  heat was computed as follows:
Example: t = (.Item 1 + Item 4 2.
C02 -  6.52 x ( 0.15 + 0.000066 t) = 1.12646
0g -  12.92 x 1/32(6.75 + 0.000667 t) = 2.81656
Ng -  80.56 x 1/28(6.75 + 0.000667 t j  = 20.05944
Total = 24.00256
Item 17 was computed using analyses given by Items 12 to 14 inclusive and the
formula derived in Mr. R. S. Bale's paper on "Flue Gas Analyses", 
Trans. A. S. M. E ., vol. 18, page 902, and also given in "Power 
Plant Testing" by Moyer.
11 C0o + 8 0 4 7(CO + N)
3(C0g -  CO)
11 x 0.0652 + 8 x 0.1292 + 7 x 0.8056 
Example: 3 x 0.0652 = 37 *8 lb '
Item 18 = Carbon consumed x Item 17.
Dry coal per hour, l b   ........................................... = 962.9
Per cent Cg in dry c o a l,...............................................= 61.76
Wt. o f C2 fired  per hour............................................... = 594.4
Ash per hour.................................................................... . = 195.7
Per cent Cg in ash..................................... .....................= 18.87
Wt. o f Cg in ash..............................................................  = 36.9
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Total wt. o f Cg consumed = 594.4 -  36.9 = 557.5 lb .
Item 18 -  557.5 x 37.8 = 21100 lb .
Item 19 = sp ecific  heat x wt. o f  gases per hour x drop in  temperature.
Example: 0.24 x 21100 x 175 = 886000 B .t.u .
Item 20 = sp ecific  heat x wt. o f gases per hour x drop in temperature, ( ,i .e .,  
drop from that of the altering gases to that o f the entering feed 
water).
Example: 0.24 x 21100 x 368 = 1862000 B .t.u .
Item 21 -  Item 10 -  Item 20.
Example: 591800 -  1862000 = 31.78 per cent.
Iter. 22 = Item 10 4 Item 19.
Example: 591800 r 886000 -  68.75 per cent.
Item 24 was obtained by difference.
Item 25 = Items ( 67 + 68 ) x Item 24.
Item 26. Same as Item 75 o f boiler performance.
Item 27 = Item 26 -  Iten 24.
Item 28 = Item 102 x Item 27 x 310 x 10.
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VI DISCUSSION.
For the purposes o f comparing the performance of the plant when 
the economizer is  used to the performance of the plant when the economizer is  
not in use, the results o f Trial No. 2 are compared to those o f Trial No. 1, 
and the results o f Trial No. 4 are compared to those o f Trial No. 3.
In general, in this discussion, the term efficiency means the ratio 
o f the heat obtained to the heat available. Item 96, "Efficiency of Boiler" 
and Item 97 "Efficiency o f Boiler and Economizer", are not, s tr ic t ly  speaking, 
the e ffic ien cies  of this apparatus alone. They include also, the furnace, 
the influence o f fuel characteristics, and the variations and faults of 
operation; in fa ct, a l l  the factor's that cause variations except the ash-pit 
loss . Item 98, "Efficiency o f Boiler including Grate", and Item 99 
"Efficiency o f Eoiler including Grate and Economizer", do not exclude this 
variable (the ash-pit lo s s ;, but a charge is  made against the plant for the 
heat of the tota l weight o f the fuel fired .
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1. BOILER PERFORMANCE.
TABLE I I .
Comparison o f Economic Results.
Trial No.
Economiser
Item 86 -  Water apparently evaporated under 
actual conditions per lb . o f coal
as f ir e d ..............................................
Itan 87 -  Equivalent evaporation from and
at 212 degrees F. per lb . o f coal
as fired , by boiler , lb ................
Item 88 -  Equivalent evaporation from and
at 212 decrees F. per lb . o f coal
as fired , by economizer, l b ..........
Item 89 -  Equivalent evaporation from
at 212 degrees F. per lb . o f coal
as fired , to ta l, l b .........................
Item 90 -  Equivalent evaporation from and 
at 212 degrees F. per lb . o f dry
coal, by bo iler , lb .........................
Item 91 -  Equivalent evaporation from and
at 212 degrees F. per lb . dry coal,
by economizer, lb .............................
Item 92 -  Equivalent evaporation from and at 
212 degrees F. per lb . dry coal,
to ta l, lb .............................................
Item 93 -  Equivalent evaporation from and at 
212 degrees F. per lb . combustible,
by bo iler , lb ....................................
Item 94 -  Equivalent evaporation from and at 
212 degrees F. per lb . combustible,
by economizer, l b . . . .......................
Item 95 - Equivalent evaporation from and at 
212 degrees F. per lb . combustible, 
to ta l, lb ...........................................
1 2 3 4
out in out in
5.13 5.68 5.22 5.80
6.08 6.14 6.18 6.25
0.54 0.54
6.08 6.68 6.18 6.79
7.06 7.15 7.25 7.18
0.63 0.62
7.06 7.78 7.25 7.80
9.35 9.31 9.69 9.62
0.82 0.83
9.35 10.13 9.69 10.45
Item 86. By the term "water apparently evaporated per lb , o f coal 
as fired" is  meant, the weight of water evaporated per lb , o f coal as fired  
from average feed water temperature to steam at average pressure and average 
quality. This presents a comparison and rough estimate o f the plant performance 
under the two variable operating conditions, namely; with and without the 
economizer in  use. It  may be noted in this connection, that the feed water is 
heated approximately 100 degrees F. by the economizer, and that the increase 
in evaporation is  appoximately 10 per cent, a ratio very commonly used in
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estimating economizer economy.
A comparison o f Items 87, 90 and 93, which relate to boiler per­
formance only show only a sligh t gain when the economiser was in use -  a gain 
too small to be regarded as a reliable indication for continuous performance. 
These items do indicate the actual amount o f heat u tilized  by the boiler , and, 
since the coal is  o f nearly uniform quality throughout the series, show that 
the boiler performance alone was uniform in each series o f tests.
A comparison o f Items 88, 91 and 94, which relate to evaporative 
performance show that the evaporation per lb . o f fuel was substantially the 
same for the two series of tests and indicate that the variation in the force 
o f draft through the economizer had no appreciable e ffect upon its  performance. 
The number o f tests made are not su fficient to base definite conclusions upon 
this particular.
Items 89, 92 and 95 .- These items give the equivalent evaporation and 
show that the use of the economizer increased the evaporation per lb . o f coal 
as fired  about 10 per cent.
TABLE I I I .
Comparison o f E fficiencies.
1Trial No.
Economizer
Item 96 -  E fficiency o f boiler} heat
absorbed by boiler per lb . com­
bustible divided by the heat 
value o f one lb . combustible. $
Item 97 -  Efficiency o f boiler and econ­
omizer} heat absorbed by boiler 
and economizer per lb . combustible 
divided by heat value per lb . com­
bustible . $
Item 98 -  E fficiency o f bo iler  including 
grate} heat absorbed by bo iler  
per lb . dry coal divided by the 
heat value o f one lb . coal. $
Item 99 -  E fficiency o f boiler including
grate and economizer} heat absorbed 
by boiler and economizer per lb . 
o f dry coal divided by the heat 
value o f one lb . coal.
out
2
in
3
out
4
in
64.0 63.4 65.8 65.5
69.1 71.6
60.0 60.4 61.3 60.0
65.8 65.1
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The variation in  the boiler efficiency between tests with and without 
economizer, as shown by Item 96, is  negligible due to the lack of refinement 
of working methods and merely indicates, as already shown by Items 87, 90 and 
93, Table I I , that the boiler performance alone was uniform throughout the 
tests. These e fficien cies  are about the average values as obtained in boiler 
practice in plants o f the type tested.
As between Trials No.2 and No. 4 both with the economizer in  operation 
a gain in plant efficiency o f 2.5 per cent appears in favor of Trial No. 4.
I t  is  not attempted here to discuss this difference between the two tests.
The e ffic ien c ies , Items 96 and 97, apply to the boiler and econ­
omizer only excluding the grate. The increase in efficiency due to the 
use o f the economizer, as shown by these items, is  5.1 per cent in one case 
and 5.4 per cent in the other. Basing these values upon boiler efficiency 
when the economizer was not in use these values become respectively increased 
to 8 per cent and 8.2 per cent.
The e ffic ien cies  shown by Item 98 indicate fa ir ly  uniform boiler 
performance and are about the average values obtained in practice.
The difference between the efficiency o f the boiler including the 
grate and economizer for Trial No. 8, Item 99, and the efficiency o f the 
boiler including the grate for Trial No. 1, Item 98, is  5.8 per cent. The 
plant e fficiency  is  thus increased by 9.7 per cent of the boiler efficiency 
by the use o f the economizer. In the same way, referring to Trials No. 3 
and No. 4, the difference is  3.8 per cent and the plant efficiency is  in­
creased by 6.2 per cent o f the boiler efficiency by the use of the economizer.
The cost o f coal was assumed to be one dollar per ton of 2000 lb . 
in order to obtain a simple ratio in estimating a possible gain for coal sold 
at various prices. The coal used in these tests cost $1.25 per ton.
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TABLE IV.
Comparison o f Cost o f Evaporation.
Trial No 1 2 3 4
Economizer out in out in
Itan 101 -  Cost o f fuel for evaporating 
1000 lb . water under observed
conditions. f .  0.097 0.088 0.095 0.086
Item 102 -  Cost o f fuel for  evaporating 
1000 lb . water from and at 212
degrees F., $ 0.082 0.075 0.081 0.074
Item 101. Comparing Trials No. 1 and No. 2, Table IV, a saving o f 
9.3 per cent is  effected by the use o f the economizer. In the same way in 
Trials No. 3 and No. 4 a saving o f 9.5 per cent is  effected.
Item 102. This item is introduced in order to show comparative 
saving possible where steam is  made under exactly the same conditions and 
therefore represents the cost o f 970.4 B .t.u .
2. ECONOMIZER PERFORMANCE.
TABLE V.
Comparison of E fficiencies.
Trial No. 2 4
Item 21 - Thermal e fficien cy ; ratio o f B .t.u . obtained
to B .t.u . available, f>........................................... 31.8 37.3
Item 22 -  Actual e fficiency ; ratio o f B .t.u . obtained
to B .t.u . given up, $ . . . ....................................... 66.8 74.2
Item 21. The term "thermal e fficiency” as used in this connection 
means the heat obtained by the water in passing through the economiser to the 
heat available in  the flue gases passing through i t ,  assuming that the flue 
gases can be cooled from their temperature entering the economiser to the 
temperature o f the feed water entering the economizer.
The terra "actual e fficien cy", Item 22, is  used to indicate the ratio 
o f  the heat obtained by the feed water passing through the economizer to the 
heat given up by the flue gases passing through i t  as shown by the difference 
in  temperature on entering and leaving.
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I t  snould be noted that there is  a drop in temperature in the flue 
gases o f about 125 degrees F. between the point where these gases enter the 
breeching and where they enter the economiser. In the usual form of installation, 
gases w ill be about 125 degrees F. hotter on entering the economiser 
and i t  is  probable that the economiser efficiency would be increased by more 
rapid heat transmission.
TABLE VI.
Comparison o f Economic Results.
Trial No 1 2 3 4
Economiser out in out inItem 23 - Weight o f steam used by 
fan engine per hour, lb 314.5 431.5 306.5 329.9
Item 24 - Weight of steam used for 
operation o f economiser 
(by d ifferen ce), l b . . . . 117.0 23 .4
Item 25 - Weight o f equivalent steam
for operation o f economizer
per hour from and at 212 
degrees F., lb ................ 140.2 27.9
Item 26 - Equivalent evaporation 
per hour from and at 212 
degrees F., by economiser, lb . 608.1 519.4
Item 27 - Net equivalent evaporation 
per hour from and at 212 
degrees F., by economiser, lb . 467.9 491.5
Item 28 - Value o f net equivalent 
evaporation per year, (310 
days o f 10 hours) ,  | . . . 108.50 112.80
Item 29 - Fixed charges per year
(12 $ , cost o f economiser 
$1000) ,  $ ......................... 120.00 120.00
The attempt to obtain the amount o f steam required for the operation
of the economiser proved unsatisfactory as the figures given in  Item 24, Table VI
show a large difference, but i t  was impossible to determine what conditions 
caused th is .
A comparison o f the two tr ia ls , Item 26, Table VI, show a difference
of 88.7 lb .,a  loss o f 14.0 per cent o f the results o f Trial 2 being obtained
for Trial 4.
The results shown in Item 27 are derived by subtraction o f Item 25
23
from Item 20. They are probably near the actual results obtained in practice, 
however, since the ratio o f the weight of the equivalent steam required for 
the operation to the weight o f the equivalent evaporation by the economizer 
is  comparatively small.
Item 28. I t  is  assumed that in a small plant the time i t  is  producing 
steam w ill be approximately 310 days of 10 hours each per year.
The cost o f the economizer and its  installation was approximately 
$1000 and this is  the value assumed in this discussion.
No reliable information could be obtained as to the probable l i f e  
o f the installation , but i t  was found that in literature issued by the man­
ufacturers and in text books on power plant design and operation a value com­
monly used for fixed charges including depreciation was 12 per cent, and this 
was accordingly adopted.
A comparison of the fixed charges per year, Item 29, and the value 
of the net equivalent evaporation per year, Item 28, shows that at a rate 
o f about $1.00 per ton the installation  o f an economizer would result in an 
actual loss to the owner o f the plant. Taking the results of Trial No. 2, the 
cost o f coal must be $1.11 per ton before the owner can realize any p ro fit  on 
his investment and for Trial No.4, the cost o f coal must be $1.07 per ton 
before the owner can realize any p ro fit .
TABLE VII.
Economizer Saving at Varying Prices o f Coal with a 210 H.P. Boiler.
Cost o f coal per ton................. $1.00
Value o f net equivalent evap­
oration per year............... 110.65
Fixed charges per year.............. 120.00
Savings........................................... -9.35
$1.25 $1.50 $1.75 $2.00
138.20 165.80 193.35 221 .30
120.00 120.00 120.00 120.00
18.20 45.80 73.35 101 .30
Table VII based on the mean o f the two values o f the net equivalent 
evaporation gives the saving for coal at various prices. With coal costing
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fl .2 5  per ton, the table shows a saving of $18.20 per year. This amount is 
so small that i t  may easily be turned into a loss by accidents or unfavorable 
operating conditions and in the plant tested, the installation of the econo­
mizer can not be considered a good investment.
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VII CONCLUSIONS.
Conclusions from Boiler Performance.
1. The use of the economizer increased the evaporation of the 
coal as fired  approximately 10 per cent.
2. It  also increased the efficiency of the plant about 8 per
cent.
3. The use o f the economizer gave a saving o f about 9.4 per 
cent o f the cost o f the steam produced.
Conclusions from Economizer Performance.
1. At the rate o f §1.00 per ton, the installation of an econ­
omizer in a plant o f the size tested would result in an actual loss .
2. Before any p ro fit could be realized, the coal would have to 
cost about §1.10 per ton.
3. With small plants and low priced coal, the total yearly
saving as expressed in dollars is  a comparatively small amount that may easily
be turned into a loss by accidents or unfavorable operating conditions.
*
General Conclusions.
1. The defin ite saving to be expected from the installation 
and operation o f an economizer as shown in Table VII is  determined by the 
cost o f the fu e l. This saving should be large enough to leave no reasonable 
doubt that at least the greater part of i t  w ill be realized before the use o f 
the economizer can be deemed advisable.
2. No attempt was made in these tests to obtain any data that 
would indicate possible savings due to the lessening of temperature strains 
in the boiler and the purification o f feed water by the use o f the economizer 
r.nrj a discussion o f these points is , therefore, not considered within the
bounds of this thesis .
